We investigate the attempt using flavor violation gauge interaction in the up sector to explain the LHCb
I. INTRODUCTION
CP violation in the D meson decay processes c → uqq is highly suppressed in the standard model (SM). Given its small SM expectation, CP violation in D meson decay play important role to probe models beyond SM (see, for example [1] and references therein). Recently, the LHCb collaboration has reported a measurement of difference in CP asymmetry, A CP (D 0 → To solve the anomaly, new physics is required to enhance the CP violation in c → uqq decay [4, 5] . One simple extension of SM is to introduce a fourth family of quarks and leptons, the fourth generation down quark b ′ of 400 GeV can enhance the penguin amplitude by O(10 4 ) in mass squared but with suppression from quark mixing. The Cabibbo-Koboyashi-Maskawa quark mixing matrix (CKM) of fourth family is constrained by precision electroweak tests, for instance ρ-parameter and the 34-mixing of λ is allowed [6] . We estimate the suppression from quark mixing of CKM4 is about λ 7 and the penguin amplitude is then enhanced by O(10 2 ) from the fourth generation b ′ contribution. It does provide possible parameter space to accommodate the about 1% CP violation. At the same time, the contribution to the D 0 −D 0 mixing is under control with additional CKM suppression. However, in this paper, we would like to focus on the other possibility involving top quark.
Top quark contribution is GIM violation. As the heaviest known particle that gets its mass via electroweak symmetry breaking (EWSB), top quarks couples to the longitudinal polarized W L state strongly and leads to the enhancement as m 
The measurement corresponds to the SM prediction A Since the other measurements in tt like total production rate σ tt are in good agreement with the SM predictions, the proposals to solve the large A F B all require destructive interference between the new physics and the SM uū
In addition, since the anomaly corresponds to a large M tt region, the t-channel proposal [9] [10] [11] [12] [13] which maximize the asymmetry at Rutherford singularity θ = 0 match the basic feature of the measurement. Among the proposals, t-channel neutral current process interferes with the largest SM mode ut g → tt and spin-correlation also maximize the positive forward-backward asymmetry [9, 12, 13] . However, in order to explain the top quark forward-backward asymmetry puzzle, only significant ut coupling is required and this is not sufficient to generate the c → u transition. In this paper, we investigate the possibility of generating c → u transition mediated by the top quark penguin. At amplitude level, the bottom quark contribution in the box diagram is suppressed by a factor of λ 10 while the corresponding strange quark contribution is only λ 2 suppression but the mass dependence is still quadratic as m same-sign top quark, inclusive tt search. We then conclude in the final section.
II. MODEL
In order to achieve large c → u transition induced by top quark penguin, the new gauge interaction must couple to bothtc andtu. Flavor changing interactions in the SM can only be measured via electroweak charged current interactions. For the SM fermion rotation matrixes, the left-handed ones get constrained from the CKM matrix
The rotations for the right-handed states are then completely unknown and this gives large degree of freedom.
We first study an Abelian model, a U(1) X gauge symmetry under which only right-handed up-type quarks transform. With only the SM particle contents, the U(1) X is anomalous so we expect a UV completion theory. Presumably a much larger gauge group is broken at very high energy and only a U(1) X survive to low energy and is broken around TeV scale. In this paper, we don't discuss the detail of the UV theory. Instead, we concentrate on the low energy theory of the electroweak scale U(1) X gauge boson interacting with the SM fermions.
In the flavor basis of (uct) , U(1) X is
which shows only ut couples to the Z ′ . As discussed earlier, there also exists degree of freedom of right-handed up quark rotation. We take a special choice of the rotation V u R to illustrate the feature.
The CP violating phase e iδ can be easily included into the above rotation.
The effective lagrangian is then
where c θ = cos θ, s θ = sin θ, g X is the coupling constant of the U(1) X .
If the particle Z ′ is completely neutral which enable Z ′ to coupletu,ūt at the same time. Both uū → tt and uu → tt exist and the first one dominates at the p −p collisions at Tevatron while the second one dominates at the Large Hadron Collider(LHC). Given its huge u-valence quark flux at the p − p collider LHC, even with 7 TeV total energy, the Z ′ receives severe constrain from direct search of uu → tt [13] . To resolve the same-sign top puzzle, non-Abelian horizontal gauge symmetry models are proposed in [9, 12] . In principle, a non-Abelian model where 
III. DIRECT CP VIOLATION IN D DECAYS
For singly Cabibbo suppressed (SCS) D decays, the SM penguin contributions can be safely neglected, as they are highly suppressed by the CKM factor V * cb V ub , the GIM suppression m 
with λ p = V 
where r χ = 2m 
with the loop function [14] 
Notice that the renormalization group evolution ofC i is the same as that of the SM QCD penguin operators with L ↔ R. The Wilson coefficients at the scale µ c can then be evaluated as
with the expression of U 5 given in [15] . Here we have ignored the b quark mass threshold for simplicity. As the U-spin symmetry predicts 
IV. COLLIDER IMPLICATIONS
As we discussed earlier, the up FCNC model is motivated to explain the top quark forwardbackward asymmetry. In these models with up FCNC, both ∆F = 1 and ∆F = 2 effects are observable at hadron collider. The ∆F = 1 processes correspond to single top production associated with the Z
Hadron Collider (LHC) is a proton-proton collider with center-of-mass energy 7 TeV in the first two years running. The same-sign positive top quark pair (uu → tt) becomes particular interesting at the LHC given its large u-valence quark parton flux. However, the σ uu→tt is proportional to cos 4 θ while the σ cc→tt has a factor as sin 4 θ. The bounds from flavor physics is only on sin 2θ.
In addition, without phase-space suppression at the 7 TeV LHC, the tZ ′ associate production is significant. Since Z ′ equally decays into ut and tū, the associated production tZ ′ ortZ ′ will contribute to tt + j,tt + j and tt + j final states. And the tt + j will appear in the inclusive tt search. However, it has been studied in [13] , the best-fit parameter space to explain the top quark A F B via Z ′ is largely excluded by the Tevatron/LHC same-sign top search and the inclusive tt at the LHC for tt+j. We will not use the fitting parameter from top quark A F B . Instead, we focus on the Z ′ that can explain the ∆A CP alone where the ut coupling does not dominate the Z ′ penguin.
With larger ct coupling, the direct search bound is weaker. To illustrate the feature, we take the θ = π/4 so that sin 2θ reaches its maximal. Figure 2 gives the pp → tt production rate at Tevatron and the 7 TeV LHC with θ = π/4 in the any cut for integrated luminosity of 2 fb −1 . CDF measured 3 events for 2 fb −1 [16] with the acceptance range from 1.5% to 3%. It is still consistent with the measurements. At LHC with 35 pb −1 , the prediction is about 20 events of pure-leptonic same-sign top with one b-tagging.
Since tt production is mostly t-channel, one expects the cut efficiency for the forward-backward region top quarks are less. The latest LHC observation is 2 events for 35 pb −1 [17] . It seems to be still consistent with the observation at this moment. However, given its large rate, the parameter region should soon be probed by the CMS or ATLAS experiments. The tZ ′ production which comes into the inclusive tt search is still within the error bar of the measurements. assuming CP conservation in mixing. Otherwise, the bound would be relaxed by a factor ∼ 2.
It is straightforward to evaluate the Z ′ contribution to the D 0 −D 0 mixing,
The vacuum insertion approximation has been adopted in the above for simplicity
and the Inami-Lim loop function F(x,y) [14] reads
in the limit y → x. Taking f D = 220 MeV, one finds unfortunately that the Z ′ -induced D 0 −D 0 mixing is two to three orders of magnitude larger than the experimental bound Eq. (11), for the favored parameter region shown in Fig. 1 .
VI. CONCLUSION
In this paper, we investigate the up FCNC models of flavor violation gauge interaction in the up sector to explain the LHCb recent observed large
To illustrate the feature, we study an Abelian model that only right-handed up quarks is charged under it and the 1 − 3 coupling is maximized. The simultaneous 1 − 3 2 − 3 mixing is realized by a quark mixing of 1 − 2 generation. Given the easy identification of top quark, the model can be directly tested by ∆F = 1 and ∆F = 2 processes at the hadron colliders as associated top production gc → tZ ′ or same-sign top scattering uu → tt. The direct search bounds are still consistent with the assumption that ut and ct couplings are equal but the same-sign top scattering bound is expected to be reached very soon.
However, since there is no CKM-like suppression, the corresponding parameter space for generating ∆A CP is completely excluded by the D 0 −D 0 mixing. We conclude that the up FCNC type models cannot explain the ∆A CP while to be consistent with the D 0 −D 0 mixing constraint.
On the other hand, a model as SM with fourth family extension has better chance to explain the large ∆A CP consistently.
